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是近年来光电子材料领域研究的热门课题。目前 GaN 及 GaN 基器件的研究已经
取得了巨大的进展，但是 GaN 的生长和器件制备方面还存在一些困难，GaN 的 p
型掺杂和 p 型 GaN 的欧姆接触是其中困扰研制高性能器件的两个难题。本文首次
对具有 LED 结构的 GaN 样品的表面 p 型层进行激光诱导再掺杂，在此基础上对




料的物理和化学性质并对 GaN 激光诱导掺杂的机理进行了初步的探索；对于 LED
器件的 I－V 特性、发光光谱、光通量、光强分布以及热阻、寿命测量等进行详细
的测量和分析。基于上述的研究，我们取得了如下的一些成果： 





    利用毫秒级脉宽波长 mμ06.1 Nd：YAG 脉冲激光器和首次利用纳秒级脉宽波




AES 测量表明表面附近掺入的 Zn 浓度高达 。样品的 PL 谱发现 Zn 的

















    在激光诱导掺杂的GaN外延片上制备良好的欧姆接触，金属电极为Ni/Au。采
用圆环传输线模型（CTLM）来测量欧姆接触比接触电阻。比较了不同合金时间
和合金温度下p-GaN欧姆接触比接触电阻的大小。试验结果表明，样品在 575℃下，
N2环境中进行合金，合金时间为 2 分钟效果最好，比接触电阻达到 。 241051.2 cmΩ× −
    首次把激光诱导掺杂的方法应用到 GaN 基 LED 芯片的研制中，分析了欧姆
接触减小对 LED 性能的影响。结果表明，欧姆接触减小可以使得 LED 的工作电
压减小、发光效率提高、热阻减小、寿命增加。研制出 20mA 下工作电压小于 3.0V
的 Ni/Au 扩展电流层蓝光 LED 和工作电压 3.1V 左右的 ITO 扩展电流层蓝光 LED，
测试表明激光辐照的均匀性较好。对 ITO 扩展电流层蓝光 LED 进行了封装测试，
测试结果表明激光诱导 Zn 掺后蓝光 LED 发光流明效率增加了 4％，白光 LED 发
光流明效率增加了 6.2％～16.8％，热阻降低了约 18.1％。推导了高温大电流条件
下进行老化时 LED 寿命的计算方法，老化试验结果表明，激光诱导掺杂后的 LED
预期寿命大大延长。 































    GaN and the related compounds such as (Al,Ga,In)N have played a key role in the 
research field of optoelectronic materials and devices, due to their promising 
applications and the great potential market in short-wavelength (e.g., blue and violet) 
light emission diodes (LEDs) and receiver devices, microwave and high-power devices. 
Although great progresses have been made in the studies of GaN-based devices, several 
obstacles still act as the critical handicaps restricting the further development and 
improvement. Among these obstacles, p-type GaN doping and p-type GaN ohmic 
contact are two of the most difficult problems in improving device performances. In 
this thesis, a technique of laser-induced doping is explored to redope the GaN-based 
LED extensional wafer, upon which the considerably improved p-type ohmic contacts 
can be achieved. Based on such technique, the high luminescence efficiency LED with 
low forward voltage is successfully fabricated and evaluated. For systematic analyses, 
analytical calculations and numerical simulations are used to picture the temperature 
distributions and thermal deformation under laser treatments. Characterizations, 
including scanning electron microscope (SEM), electrochemistry capacitance-voltage 
measurement (ECV), photoluminescence (PL), and auger electron spectroscopy (AES) 
etc., are employed to understand the mechanism and effects on the p-type doping of 
GaN by laser irradiation. Characteristics of LEDs are also evaluated by analyzing 
parameters including I-V curve, luminescence spectrum, luminous flux, light intensity 
distribution, heat resistance, lifetime of LED etc. Above these studies, important 
approaches and results are obtained as follows: 
Temperature distribution and thermal deformation are calculated for Zn doped GaN 
induced by millisecond- and nanosecond-pulsed laser. The results show that the 
nanosecond laser is preferable to the millisecond laser in inducing Zn doping: the 
higher temperature decreasing rate near surface can form the doping region in 
shallower GaN layers, and the smaller thermal deformation near GaN/Al2O3 interface 














nanosecond-pulsed laser results in better effect of doping and absence of wafer cracking, 
which is well consistent with our theoretical prediction. 
The millisecond-pulsed laser ( mμ06.1 , Nd: YAG) and nanosecond-pulsed laser (248 
nm, KrF) are both used for doping Zn into GaN-based LED wafers. Guaranteed by 
stable and well doping in small area, the scanning technique is adopted for wider 
doping in larger area wafer. Spatially uniform distribution of laser energy is optimized 
by optical method for suspending the sample cracking. The C-V measurement of 
as-treated samples show that the hole concentration reaches  near the 
surface, where the Zn concentration is measured to be about by AES 
measurement. From PL spectrum, the acceptor energy level of Zn is found to be only 
180 meV that is shallower than general reports. Heavy doping model is employed to 
explain this phenomenon and the hole concentration is also calculated. 
318105 −× cm
320107 −× cm
After treatment of laser-induced p-type doping, the low resistance ohmic contact to 
GaN wafer is easily achieved with Ni/Au metallic layer. Circular transfer length method 
(CTLM) is employed to measure specific resistance of ohmic contact under different 
alloying temperature and alloying time. The best specific contact resistance 




To our knowledge, it is the first time that laser is induced for doping in the 
fabrication of GaN-based LED and the ohmic contact resistance is effectively lowered. 
Consequently, the forward voltage, heat resistance are considerably lowered, the 
luminescence efficiency is largely improved, and the lifetime is prolonged also.Under a 
working current of 20 mA, the forward voltage of blue light LED can be lower than 3.0 
V when using Ni/Au current spreading layer and 3.1 V when using ITO current 
spreading layer. The LEDs with ITO current spreading layer are packaged for device 
evaluation. After laser treatment, the luminescence efficiency of blue light LEDs 
increases 4% and that of the white light LEDs increases 6.2% ~16.8%. The heat 














in condition of high temperature and large current for estimating their lifetimes. The 
results show that the lifetime of LED has been effectively prolonged with laser-induced 
doping technique. 
Keywords: GaN-based LED wafer; p-type doping; p-type ohmic contact; Laser 
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